Objective To ascertain antepartum predictors of newborn encephalopathy in term infants.
Introduction
Newborn encephalopathy is an important clinical problem associated with considerable morbidity and mortality and is central in the assignment of blame in obstetric litigation. Birth prevalence ranges from 1.8 to 7.7 per 1000 term live births. [1] [2] [3] [4] [5] [6] [7] Few studies have been population based, most have focused largely on the intrapartum period, most have been small, and many lacked adequate controls. [2] [3] [4] [5] [6] Our pilot study identified new possible associations-such as, a family history of seizures, vaginal bleeding in pregnancy, maternal thyroxine treatment, and maternal pyrexia during labour. 7 The aim of this study was to investigate the role of characteristics before conception and antepartum and intrapartum factors in the aetiology of encephalopathy in the newborn and specifically the hypotheses from the pilot study. We report here on characteristics before conception and antepartum.
Subjects and methods
Between June 1993 and September 1995 we conducted a case-control study of term infants with newborn encephalopathy born in metropolitan Perth, Western Australia (population 1.2 million). All cases of moderate and severe newborn encephalopathy are referred to one of the two tertiary neonatal units in Perth. 7 Cases included in this study were those term babies (>37 weeks) who, during the first week of life, fulfilled the criteria shown in the box. Infants with Down's syndrome or open neural tube defects were excluded. This definition of newborn encephalopathy differs from that used by many others in that it is broader and does not assume an intrapartum aetiology. [2] [3] [4] [5] [6] Deaths in the first week of life were reviewed to ensure that no baby who fulfilled the entrance criteria died before transfer.
The severity of newborn encephalopathy was graded as moderate or severe according to criteria modified from Sarnat and Sarnat. 8 Infants with severe encephalopathy were those who fulfilled one or more of the criteria listed in the box; the remainder were defined as moderate.
Controls were randomly selected from the population of term births delivered in metropolitan Perth during the same period; 412 were selected. With 150 to 180 cases the study had >90% power to detect a relative risk of 2.5 or more for exposures with a prevalence of between 10% and 85% in the controls.
A questionnaire completed by the mothers collected sociodemographic and lifestyle information together with a medical and family history. Medical details were extracted from medical records. The infants with encephalopathy were examined daily (by NB) and the first 200 control infants were examined at recruitment (by NB).
Statistical analysis
Analyses were carried out with unconditional logistic regression.
Before conception and antepartum-A model containing variables from before conception and the antepartum period was constructed as follows. Explanatory variables were included if there was strong pre-existing evidence that they were causally related to newborn encephalopathy or cerebral palsy or if their inclusion covered a principal hypothesis. Other potential confounding variables were then entered altogether as additional terms in the core model. The additional terms were removed in ascending order of the likelihood ratio test (twice the change in the log likelihood) and all terms which did not represent a significant (P < 0.05) component of the model were removed. Non-linearity in the continuous variables and interactions were tested for.
Intrapartum-The aetiology of newborn encephalopathy probably involves numerous determinants acting along complex causal sequences. If one is interested in whether factor C causes disease D and, in truth, A causes B causes C causes D, an apparently "complete" logistic regression analysis which mutually adjusts for the effects of A, B, and C by including all three as covariates may be seriously misleading. The strength of the true association between C and D is likely to be underestimated, and if C is "measured" with more error or with greater misclassification than either A or B, disease D may appear independent of C. We therefore adopted a cautious approach to analysis. We estimated bivariate associations between intrapartum variables and the binary variable of newborn encephalopathy (yes/no) with unconditional logistic regression. Each model was restricted to the covariate of interest. This analysis was extended by creating a core model containing all antepartum variables of importance (see table 2 ). The intrapartum exposures of interest were added to (and removed from) this core model one at a time. An association which is present in both the unadjusted and adjusted analyses will be misleading only if it has been confounded by antepartum variables not included in the core model or by intrapartum determinants arising spontaneously or as a direct consequence of unmodelled antepartum exposures. For unmodelled antepartum or intrapartum determinants to distort our inferences seriously their effect would not only have to be substantial but their distribution at a population level would have to be correlated with a covariate of interest. We would therefore argue that any covariate which exhibits an association in both the adjusted and unadjusted analyses is worth considering as a putative cause of newborn encephalopathy. Furthermore, an intrapartum exposure which exhibits an important association with newborn encephalopathy in either the adjusted or the unadjusted analysis is worthy of further investigation with independent data. The findings of the intrapartum analysis are reported in the accompanying paper. 
Results
In total we enrolled 164 infants with encephalopathy as cases and 400 infants as controls, a response of 100% and 97%, respectively. The birth prevalence of moderate or severe newborn encephalopathy was 3.80 per 1000 term live births (95% confidence interval 3.24 to 4.43). Fifteen case infants and no control infants died in the neonatal period, giving a neonatal case fatality of 9.1% (5.2% to 14.6%). Table 1 gives the observed distribution of the entry criteria for the affected infants, two thirds of whom had moderate encephalopathy and a third had severe encephalopathy.
Factors before conception
Risk factors from before conception and antepartum risk factors for newborn encephalopathy are shown in table 2.
Sociodemographic factors-The adjusted relative risk of newborn encephalopathy increased significantly with increasing maternal age. Rather than risk increasing with parity, there was a non-significant decrease in risk of 17% for each delivery after the first (odds ratio 0.83; 95% confidence interval 0.64 to 1.06). Infants born to professional women, trades persons, or clerks were at least risk with other forms of employment and unemployment being associated with an increased relative risk. Interestingly, paternal employment status had no additional effect. Women without private health insurance were at a greater risk than those with such insurance.
Medical conditions-A family history of recurrent non-febrile seizures or other neurological disorders, defined as any mention of these conditions in up to second degree relatives of the child, were associated with over a 2.5-fold increase in relative risk. Infertility treatment was associated with over a fourfold increased risk. Essential hypertension was associated with a nonsignificant increased risk.
Antepartum factors
Maternal conditions-Women with thyroid disease were over nine times more likely to have a baby with newborn encephalopathy than those without. Severe pre-eclampsia, moderate or severe vaginal bleeding in pregnancy, and a documented medical attendance for a presumed viral infection were all associated with an increased risk. While nearly all women reported drinking very little or no alcohol during pregnancy consumption of some alcohol was apparently protective. Cigarette smoking showed no effect.
Infant characteristics-The relative risk in relation to gestational age showed a clear J shaped curve ranging from 2.35 at 37 weeks' to 13.2 at 42 weeks' gestation. Growth restriction 11 was also strongly associated with the risk of newborn encephalopathy. Boys were at a 50% increased risk compared with girls, which was almost significant. The presence of a placenta reported as abnormal at birth was associated with a doubling in risk. Six affected infants and one control infant had late or no antenatal care. There was a non-significant increase in risk for births at a private hospital. There were too few twins to draw conclusions. Several variables were not included as they were possibly along a causal pathway or were outcome variables associated with newborn encephalopathy. Inclusion of these variables in the adjusted analysis would have potentially masked the effects of other variables that were working in combination with them. These variables included birth defects (found in 23.2% affected infants and 2.3% control infants) and a reported abnormal antepartum cardiotocogram (found in 8.5% and 2.0%, respectively).
Discussion
Many previous studies of newborn encephalopathy have been restricted to babies who showed so called signs of hypoxia and ischaemia during labour. As the present study aimed to investigate a wider range of potential causes we chose a broader though widely accepted definition of newborn encephalopathy and investigated factors from before conception to postnatal events.
Intrauterine growth restriction, pre-eclampsia, and gestational age The association of newborn encephalopathy with restriction of intrauterine growth was the strongest found in this analysis. Similar associations have been described for cerebral palsy, 12 13 seizures in the newborn, and encephalopathy. 7 14 This association shows the importance of the selection of our study population by gestational age rather than birth weight. If "term" had been defined by birth weight (for example, >2500 g) the significance of growth restriction to encephalopathy may have been underestimated.
Different causes of growth restriction may differ in their capacity to cause newborn encephalopathy or to predispose a fetus to the damaging effects of an intermediate factor. Although pre-eclampsia is a common cause of growth restriction, it was an important independent risk factor for encephalopathy in this and other studies, 2 15 although there is not a consistently reported association with cerebral palsy. 16 The exponential rise in relative risk from 39 to 42 weeks' gestation confirmed the findings of the pilot study and other studies. 5 7 Animal studies have shown that post-term fetuses are most vulnerable to asphyxia. 17 This finding is important in the context of the recent debate about recommendations for induction at 41 weeks.
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Sociodemographic factors
We found a range of social and demographic factors that have not previously been described as risk factors for newborn encephalopathy. Contrary to expectations the risk with increasing maternal age does not seem to be mediated through increasing parity. The strong correlation between maternal age and parity, however, makes it difficult to disentangle their individual effects, and these results should therefore be interpreted with caution.
The mechanism of action of socioeconomic circumstances, as defined by employment and private health insurance, requires further investigation and careful interpretation as they may not have the same impact in different populations. Nevertheless, they certainly deserve more attention than they have received to date. The beneficial effect of drinking some alcohol in pregnancy is also interesting as most women in the study drank small amounts, which may reflect social advantage rather than the effect of alcohol per se. Given recent research on the benefits of small amounts of alcohol in other diseases, 19 however, this merits further study.
Other antepartum factors
A family history of seizures and of other neurological disorders were confirmed as risk factors and have been described in studies of cerebral palsy and neonatal seizures. 20 These results suggest that genetic or early developmental factors may influence the risk of newborn encephalopathy.
The association between newborn encephalopathy and infertility treatment was a new finding. Children born after infertility but before modern treatments did not have an increased risk of cerebral palsy. 20 Couples with infertility, however, now have a greater chance of conceiving, and there is evidence to suggest an increased risk of cerebral palsy associated with in vitro fertilisation. 21 Maternal thyroid disease was confirmed as a risk factor and has been reported in cerebral palsy. 20 22 It is entirely plausible that maternal thyroid dysfunction, its aetiology, or aspects of its treatment may lead to disorders of fetal neuronal development which result in newborn encephalopathy and cerebral palsy.
Bleeding in pregnancy was a risk factor in the pilot study and has been reported in association with hypoxic-ischaemic encephalopathy 2 and cerebral palsy. 23 The role of perinatal infection is of considerable aetiological interest in neurological dysfunction in preterm 24 and term 25 infants. In addition to the well known viral teratogens (rubella, cytomegalovirus) other viruses may be teratogenic or other mechanisms may operate-such as hyperthermia, 26 inflammatory mediators, or other pathophysiological responses. 27 Evidence from this and other studies suggests that the placenta may be an important but currently ignored (and commonly discarded) source of information.
Data from infants with birth defects and abnormal antepartum cardiotocograms were deliberately excluded from the multiple logistic regression analysis. While numbers were small the excess of abnormal antepartum cardiotocograms in case infants suggests the presence of antepartum compromise. Case infants had excess malformations and most were not defects of the central nervous system, findings consistent with results of other studies. 3 7 28 Birth defects occur early in intrauterine life and may be markers of factors in early pregnancy, which may also cause the encephalopathy. Alternatively a birth defect may make the fetal brain vulnerable to other damaging factors.
Our definition of encephalopathy was broad, the study was population based, control data were collected, and the results suggest that the causes of newborn encephalopathy are heterogeneous and that many of the causal pathways resulting in newborn encephalopathy start before birth.
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